Current commercial PCRs tests for identifying Salmonella target genes unique to this genus. However, there are two species, six subspecies, and over 2,500 different Salmonella serovars, and not all are equal in their significance to public health. For example, finding S. enterica subspecies IIIa Arizona on a table egg layer farm is insignificant compared to the isolation of S. enterica subspecies I serovar Enteritidis, the leading cause of salmonellosis linked to the consumption of table eggs. Serovars are identified based on antigenic differences in lipopolysaccharide (LPS)(O antigen) and flagellin (H1 and H2 antigens). These antigenic differences are the outward appearance of the diversity of genes and gene alleles associated with this phenotype.
Representative Multiplex PCR Results
Results for allelotyping PCR of Salmonella isolates 1-10 are shown in Figure 1 (lanes 3-12) and interpreted as follows. An O allele designation is given to Salmonella isolate based on amplicon (PCR product) matching in size to the PCR control and as predicted for the O allele primer sets used (3): B-560bp, C1-340bp, C2-400 bp, D1-620 bp, and E1-280 bp. For isolates tested with the O allelotyping PCR (Fig. 1A) , we assigned O alleles B (lanes 10-13), C1 (lanes 7-9), C2 (lanes 4, 5), D1 (lane 3) , and E1 (lane 6) to the ten Salmonella isolates tested in lanes 3-12. These same Salmonella isolates were tested, in the same order as Fig. 1A , for H1 alleles i; g,m; r; and z10 ( Fig. 1B,C) . Again, a H1 allele is assigned to each isolate dependent on the presence of an amplicon matching in size to the PCR control and as predicted for the 4 H1 allele primer sets used (3): i-510 bp (Fig. 1B, lane 2) ; g,m-310 bp (Fig. 1B, lane 2) ; r-170 bp (Fig. 1C, lane 2) ; and z10-360 bp (Fig. 1C, lane 2) . H1 alleles were assigned to one of the ten Salmonella isolates: i -isolates 3 and 8 (Fig. 1B, lanes 5 & 10) ; g,m-isolates 1 and 5 (Fig. 1B, lanes 3 &  7) , r to isolates 6 and 9 (Fig. 1C, lanes 8 & 11) ; and z10 to isolates 2, 7, and 10 (Fig. 1C, lanes 4, 9, &12 ). Salmonella isolate 4 was negative for the four H1 alleles tested. Finally, Salmonella isolates were tested by PCR for H2 alleles associated with the 1,2; 1,5; 1,6; 1,7 antigen complex and e,n,x; e,n,z15 antigen complex. The primer sets for the H2 1,2; 1,5; 1,6; 1,7 complex and H2 e,n,x; e,n,z15 complex produce 290 bp and 150 bp amplicons, respectively (3). The primer sets cannot distinguish specific H2 alleles within either H2 antigen complex to assign a definitive allele type, ex. 1,2, to an isolate (3) . Salmonella isolates 4, 6, 8-10 were positive for H2 alleles associated with H2 1,2; 1,5; 1,6; 1,7 antigen complex, while isolates 2 and 7 were positive for H2 alleles associated with e,n,x; e,n,z15 antigen complex (data not shown). While Salmonella isolates 1, 3, and 5 were negative for the two H2 antigen complexes, only isolates 1 and 5 were negative for H2 flagellin, as determined using a generic H2 flagellin PCR (1) (data not show). These results are summarized in Table 2 along with the presumptive Salmonella serovar assigned to each isolate. Chincol -- The serovars highlighted in bold are the ones more commonly encountered by diagnostic or food microbiology laboratory. Enteritidis is given to an isolate with the formula D1: g,m: -. This antigenic variation in the Salmonella population is the outward manifestation of differences at the nucleotide level that can therefore be easily exploited by PCR. (6), and include a Salmonella-specific PCR with the first screen of samples (4) . Limit the allelotyping PCRs to only those samples that are identified as Salmonella by PCR or biochemical/antigenic tests.
The protocol described in this article has been optimized for use with the Idaho Technology Rapidcycler, a hot-air thermocycler that allows one to scale down reaction volumes and runs reaction conditions in less time than many heating block thermocyclers. To adapt this protocol for use with a heating block thermocycler may require optimizing reaction conditions empirically by lowering/raising annealing temperatures; adjusting primer concentrations; or adjusting MgCl 2 concentrations. For example, we have had to adapt the protocol for the MJ Research PTC-200 thermocycler as follows. Working with the same reaction volumes described in Table 1 , the working stock concentrationof the i primer set was diluted to 2.5 μM, the annealing temperature was lowered from 55°C to 45°C, and incubation times at the denaturation, annealing and extension steps was lengthened to 20 s for the i/g, m allelotyping PCR. Having the appropriate positive and negative controls are essential in the initial start up and optimization for any PCR, including published protocols. We recommend acquiring known Salmonella serovars, specifically Anatum (E1: e,h: 1,6), Enteritidis (D1: g,m: -), Hadar (C2: z10: e,n,x), Heidelberg (B: r: 1,2), Montevideo (C1: g,m,s: 1,2,7) and Typhimurium (B: i: 1,2); and a laboratory Escherichia coli K12 strain (DH5α, LE393, JM109, etc.) as positive and negative controls respectively for the allelotyping PCR tests described in this article. Several of these Salmonella serovars will serve as either positive or negative controls, depending on which allele is tested.
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Certain precautions and guidelines need to be followed while performing this and any other diagnostic PCR. First, the physical separation of template preparation, PCR set-up, and gel electrophoresis is critical in preventing possible PCR carry-over contamination and erroneous reporting of false-positives. In addition, the inclusion of appropriate controls is necessary in any routine PCR as these controls identify problems as they arise and assist in the interpretation of results (5) . Most importantly, consistency is essential, especially with regards to the electrophoretic conditions for amplicon (PCR product) detection andestimation of amplicon size. To illustrate this point, we purposely suspended electrophoresis earlier than intended in Figure 1A . The molecular weight standards (lanes 1 and 13) and positive control (lane 2) are not sufficiently separated to accurately estimate sizes or observe separation of DNA fragments where there are small differences (˜50 bp) in sizes. Adequate separation of DNA fragments, especially the molecular weight standards, is essential as reporting positives is dependent on the accurate estimation of amplicon size and distinguishing "true positive" from non-specific amplicons that are sometimes observed in the daily running of any PCR (5) . For example, there is a non-specific amplicon in Figure 1B , lane 7 (˜700 bp in size). Had electrophoresis been discontinued too early, when the dye front was only at the half way point in the agarose gel, there would be little differentiation between 500 bp and the 700 bp DNA fragments. Therefore, sample in lane 7 would have been erroneously reported as positive for both i and g,m alleles.
Finally, one needs to recognize the limitations associated with any test. Several of the H1/H2 allelotyping PCR do not have the discriminatory power to discern subtle genetic differences in alleles belonging to the H2 1,2; 1,5; 1,6; 1,7 antigen complex; e,n,x/e,n,z15 antigen complex and the H1 G antigen complex, which includes the g,m allele. One or two amino acid changes account for the different epitopes present in these flagellar antigens. It was therefore difficult for us to design primers that could exploit these sometimes single base pair differences in the flagellin gene sequence ( , or Hadar (C2: z10: e,n,x) from Glostrup (C2: z10: e,n,z15). While the likelihood of encountering some of these serovars: Lagos, Bradford, Winneba, Remo or Glustrup is remote, it is a possibility and requires either providing disclaimer on the tests' limitation or another confirmatory test.
In conclusion, this PCR-based serotyping rapidly identifies S. enterica serovars Enteritidis, Hadar, Heidelberg and Typhimurium, and O, H1, and H2 alleles associated with 19 additional serovars. This assay is a rapid, cost-effective alternative to traditional microbiological approach to serotyping Salmonella.
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